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2is considered that particle rotates around an axis xed in space. The advantage of this
simple model is that it can be treated in an analytical way and it may show possible
orbital evolution of real dust particles.
2. Equation of motion
Let us consider a particle of a plane form, both sides of which are covered with mirror.
The area of each side is A. When the particle's position is characterized by radius vector
r with respect to the source of electromagnetic radiation, it's instantaneous velocity is v
with respect to the source.
Density of the ux of the radiation energy of the source is S when measured in the
rest frame of the source. If c is the speed of light (all occurs in vacuum) and
^
S  r=jrj,
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represents direction and orientation of the beam reected from the




; all quantities are correct to the rst
order in v=c.
If the plane mirror is turned at an angle Æ about an axis characterized by unit vector






















) sin Æ : (2)















sake of simplicity. The eective area for the incident radiation is
A
eff
= A j cosj ; (3)






























x ;  2 < =2; 3 =2 > : (4)


























3in the proper inertial frame of reference.
Using the previous relations (and Lorentz transformation to the rst order in v=c), we



























where m is mass of the particle and the dot denotes dierentiation with respect to
time.
3. Electromagnetic radiation and gravitation
Taking into account gravitational acceleration of the central body of mass M , we can







































where  = G M and G is gravitational constant.
4. Secular changes of orbital elements
Let the initial position and velocity vectors lie in the xy plane. Eq. (7) yields that the
orbital plane conserves. Secular changes of other orbital elements can be also calculated
in an analytical way. The results are summarized in Eqs. (8) { (10) for semimajor axis a,
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Initial values for osculating orbital elements must be calculated for the case when central
acceleration is given by the value  { as for comparison see Klacka (1992c, 1999).
5. Discussion to secular changes of orbital elements
Eq. (10) shows that advance of pericenter (perihelion, in the case of Solar System) exists.
If the relativistic terms proportional to
p
=p = c would not exist, then < d!=dt > would
be zero for cos ! = 0, i. e. for ! = =2. The relativistic terms yield that < d!=dt > < 0
for ! = +=2 and < d!=dt > > 0 for ! =  =2.
The stable situation occurs at ! =  =2 + ", where " is small positive number (de-
pends on the value of eccentricity). Eq. (9) yields that < de=dt > < 0. Eq. (8) yields that
< da=dt > < 0 for e >
p
10=33 (approximately) and < da=dt > > 0 for e <
p
10=33
(approximately). Thus, if the initial eccentricity is greater than e >
p
10=33 (approxi-
mately), the particle spiral towards the central body, its eccentricity still decreases. When
e <
p
10=33 (approximately) occurs, the particle spiral outwards the central body.
6. Conclusion
We have shown, in an analytical way, that special type of particle exhibits orbital evo-
lution which is not consistent with that for the Poynting-Robertson eect (moreover,
the behaviour depends on initial conditions). Therefore, the P-R eect cannot be simply
applied to the study of motion of real particles. (Numerical calculations for real particle
are in preparation.)
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